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This paper reviews some major advances in our 
understanding of the organization of afferent pain 
pathways, and relates these and other findings to 
the limited success rate achieved by various surgical 
interventions used in the treatment of chronic 
intractable pain. First-order pain offerents, many 
of which use the transmitter substance P, may 
enter the spinal cord via both the dorsal and 
ventral roots. After terminating superficially in the 
dorsal horn, information may apparently ascend 
to higher centres via numerous pathways, some of 
which are contralateral some ipsilateral The 
preferred route to the primary somatosensory 
cortex appears to be the contralateral spinothalamic 
tract, but alternate pathways may be recruited 
following anterolateral cordotomy or thala-
motomy. In addition to divergence of the central 
pain pathways and the presence of ventral root 
afferents, other factors considered that may 
contribute to surgical failure include denervation 
super sensitivity, the occurrence of prolonged 
spontaneous injury discharge, and divergence of 
the peripheral branches of nociceptive fibres. 
The past decade has seen many advances in our 
detailed knowledge and understanding of pain 
mechanisms, in an earlier paper (Watson 1981 a), 
the main developments concerning nociceptor 
mechanisms were considered and related to the 
general principles of sensory mechanisms. It is the 
aim of this paper to review the major advances in 
elucidating the organization of the afferent pain 
patnways. 
Not only have the terminations of the first-order 
afferents within the dorsal horn of the spinal cord 
been examined in some detail, but the transmitter 
substances utilized by these fibres have been 
investigated and at least partially identified. Much 
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has also been clarified about the central pain 
pathways. These pathways are the routes by which 
noxious information projects from the spinal cord 
to higher centres within the central nervous system 
(CNS), As a result of these projections, conscious 
awareness of the stimulus may result, in addition to 
various emotional and behavioural responses. 
In view of the advances in understanding these 
neuroanatomical aspects of pain mechanisms, it 
may seem surprising that various surgical inter­
ventions for the reduction or abolition of chronic 
intractable pain appear to have only limited success. 
Several factors that may contribute to the 
significant failure rates associated with the 
procedures of dorsal rhizotomy, anterolateral 
cordotomy and thalamotomy will be considered. 
Spinal terminations of first-order afferents 
Following nociceptor activation, any action 
potentials (APs) generated propagate along the 
A-<5 or C fibres to the CNS. According to the 
commonly accepted Bell-Magendie Law there is a 
separation of spinal afferent and efferent fibres 
such that the former, including the nociceptive 
afferents, enter the spinal cord via the dorsal roots, 
whereas the latter leave via the ventral roots. At the 
dorsal root entry zone there is a marked segregation 
of the afferent fibres, with the large diameter fibres 
moving to a more medial position, while the small 
diameter fibres enter laterally (see Figure I). 
The medial division constitutes those fibres of 
large diameter and fast conduction velocity (A-
alpha, beta and gamma), which ascend ipsilaterally 
in the dorsal column. These large diameter afferents 
also give off collateral axonal branches, which 
enter the deeper regions of the dorsal horn and 
terminate in the substantia gelatinosa (mainly in 
Rexed lamina III), in the nucleus proprius 
(principally in Rexed laminae IV and V), and in the 
ventral horn. The locations of the different Rexed 
laminae of the dorsal horn are shown on the left of 
Figure 1. The large diameter collaterals terminating 
in the dorsal horn may influence incoming afferent 
(including noxious) information or may synapse 
with second-order fibres travelling via various 
ascending pathways. These second-order pathways 
include the spinocervical and spinocerebellar tracts 
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Figure 1: Diagrammatic representation of sensory inputs to the spinal cord 
^ e d i a l Lateral division d i v i s i o n 
Marginal 
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ventral 
L. large diameter fibres (non-noxious) S small diameter fibres (noxious) 
as well as second-order fibres in the dorsal column 
system. The large diameter collaterals with ventral 
horn terminat ions are principally involved with 
spinal reflex mechanisms. 
Fibres of the lateral division of the dorsal root (the 
slowly conducting, small diameter, myelinated A-<5 
and unmyelinated C fibres) terminate mainly in the 
two most superficial laminae of the dorsal horn 
These are Rexed laminae I and outer II, or the 
marginal layer and the outer layer of the substantia 
gelat inosa respectively. There is controversy about 
the differential termination of the A-d and C fibres, 
one opin ion is that A~6 input is to lamina I, with C 
fibres terminating in the substantia gelatinosa, the 
other that the C fibres terminate more superficially. 
In addi t ion, some small diameter fibres terminate 
in deeper layers of the dorsal horn (between inner 
laminae II and V inclusive) 
F r o m the above it is evident tha t the main 
noc icep the areas of the dorsal horn are laminae I 
and II. whereas non-noxious input plus a small 
nociceptive component projects to deeper parts of 
the dorsal horn (for further details and references 
see Kerr 1975 a and 1979, Basbaum 1980, Cervero 
and Iggo 1980, Perl 1980). Finally, it is worth 
not ing that there is evidence for convergence of 
somat ic and visceral afferent activity on to single 
neurons in the deeper layers of the dorsal horn 
( P o m e r a n z e t a l 1968, H a n c o c k e t a l 1975). It isthis 
convergence of somatic with visceral input that 
may well provide the basis for referral of visceral 
pa in to s o m a t i c s t r uc tu r e s wi th in the same 
dermatome 
Chemical transmitter substances of nociceptive 
afferents 
T h e smal l d i a m e t e r afferents make synap t ic 
contact with second-order neurons of the ascending 
pain pathways and with- different types of inter-
neurons involved in local circuit mechanisms. 
Many a t tempts have been made to clarify the 
t ransmit ter substance at the first synapse of the 
pain pathway, and it is now evident that the short-
chain polypeptide, substance P (SP) , is almost 
certainly one of the chemicals involved. SP is 
present in high concentrat ions in the dorsal root 
and in peripheral nerve fibres, and is also localized 
superficially in the dorsal horn of the spinal cord 
(Takahashi and Otsuka 1975, Hokfelt et al 1976). 
The S P within peripheral nerves (spinal and tooth 
pulp nerves) is contained within small diameter 
fibres, and is found within the central terminals of 
these nerves in the marginal layer and substantia 
gelatinosa of the dorsal horn of the spinal cord and 
the spinal nucleus of the trigeminal nerve (Hokfelt 
et al 1977, Cuello et al 1978, Jessell et al 1979). 
S P is apparently synthesized within cell bodies in 
the dorsal root ganglia and by neurons of the 
trigeminal nerve, and then t ransported to the nerve 
terminals (both central and peripheral), where it is 
stored in vesicles, being released from the terminals 
as a result of electrical activity in the nerves 
(Hol ton 1959, Takahashi and Otsuka 1975, Cuello 
et a l l 978, Jessell et al 1979, Barbut et al 198 1). As 
suggested earlier (Watson 1981 a), the S P released 
from the peripheral terminals by electrical activity 
in the nerves may be involved in the process of 
sensitization at some nociceptors. 
At the central terminals (that is, at those terminals 
within the central nervous system), the S P released 
combines with receptor sites post-synaptically 
(Nakata et al 1979) and, as a result of this 
t ransmit ter - receptor interaction, there may be 
depolarizing potential changes or an increased rate 
of action potential discharge (Konishi and Otsuka 
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1974, Henry 1976, Zieglgansberger and Tulloch 
1979). F r o m studies in which S P supplies were 
al tered, it has been reported that there is a bi­
directional response, with the initial immediate 
sensation of intense pain being associated with S P 
release, while the subsequent marked? elevation of 
pain th resho ld ( tha t is, great ly reduced pain 
perception) represents deplet ion of S P from the 
pr imary afferent fibres (Jessell et al 1978, Yaksh et 
al 1979). 
The above evidence, plus the known involvement 
of S P as a t ransmit ter in o ther systems (Nicoll et al 
1980), supports the idea that S P may serve as a 
neurotransmit ter , a l though as yet the biosynthetic 
and i n a c t i v a t i n g m e c h a n i s m s have no t been 
elucidated. However, SP may act as a neuro-
modu la to r instead of (or as well as) acting as a 
neurot ransmit ter (see, for example, Krivoy et al 
1980), in which case its function would be to alter 
the efficacy of transmission. 
While at tent ion has been directed mainly to the 
involvement of S P as a t ransmit ter in the pain 
pa thway, not all small fibres include this peptide. 
Others contain somatostat in (and perhaps other 
chemicals) , which may therefore also serve as a 
p r imary t ransmit ter substance in nociception 
( H o k f e l t e t a l 1976). 
Dorsal rhizotomy for the relief of pain 
In view of the known passage of pain afferent fibres 
in the dorsal roots , it may seem surprising that 
dorsal rhizotomy has had only limited success in 
the control of pain in man (see, for example, 
Loeser 1974). F o u r factors that may be of 
impor tance in the return of pain following such 
surgical intervention will be considered. Firstly, it 
is now evident that the sensory nerve fibres that 
s u p p l y a given a r ea , a n d t h a t a re the re fore 
associated with sensation in that area, enter the 
spinal cord via several adjacent dorsal roots . Up to 
five spinal segments on either side of the main 
dorsal root entry zone may be associated with 
sensation from a given skin area (Denny-Brown 
et al 1973, Denny-Brown and Yanagisawa 1973). 
Thus , following rhizotomy, an area may not have 
been comple te ly denerva ted as was originally 
envisaged. 
Secondly, the phenomenon of denervat ion super-
sensitivity may contr ibute to the return of pain It 
is now well established that , in both central and 
peripheral nervous systems, denervation is followed 
by a spreading of receptor sites post-synaptically. 
This spreading involves the appearance of new 
receptor sites in adjacent regions of membrane that 
previous ly lacked such a reas with which the 
t ransmit ter substance could interact. As a result, 
the post-synaptic membrane is rendered hyper­
sensitive to the t ransmit ter substance. Following 
rhizotomy, the main afferents from a part icular 
area would have been destroyed, leading to an 
i n c r e a s e d n u m b e r of r e c e p t o r s i tes on t h e 
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corresponding post-synaptic dorsal horn neurons . 
Naka t a et al (1979) have shown tha t following 
dorsal root section there are increased numbers of 
S P receptor sites in the spinal cord of rabbits . 
Assuming that such an increase also occurs after 
dorsal rhizotomy in humans , the pr imary afferents 
converging on to these dorsal horn neurons from 
more distant dorsal roots would be expected to 
exert a greater effect than previously, possibly 
firing off the second-order neurons. Such activity 
would be interpreted by the brain as having arisen 
in the supposedly denervated area. 
The third factor that may contr ibute to the failure 
of dorsal rhizotomy relates to the observation that 
prolonged injury discharge may arise spontaneously 
in dorsal horn cells and in the spinal tr igeminal 
nucleus in bo th cats and h u m a n s following 
deafferentation (Loeser and Ward 1967, Loeser et 
al 1968, Anderson et al 1971, see Melzack and 
Loeser 1978). These abnorma l neuronal discharges 
may be associated with an increased number of 
receptor sites and denervation supersensitivity as 
outlined above, or they may represent activity in a 
pat tern generating mechanism, such as has been 
suggested to explain the p h a n t o m body pain of 
paraplegia (see Melzack and Loeser 1978). 
Alternatively, this abnormal activity may be due to 
input from the damaged nerve fibres Subsequent 
to the surgical procedure there would be a local 
inflammatory response and the laying down of scar 
tissue in the injured dorsal root , which would cause 
mechanical compression of either the dorsal root 
ganglion or the nerve fibres or both. Both A-d and 
C fibres in chronically injured nerve roots have 
been shown to be extremely sensitive to mechanical 
s t imu la t i on and to n o r a d r e n a l i n e , exh ib i t i ng 
patterns of prolonged repetitive firing (Howe et al 
1977). It is poss ib le t h a t afferent d i s c h a r g e 
originating from damaged nerves (Wall and Gutnick 
1974, Wall et al 1974, Howe et al 1977, Wiesenfeld 
and Lindblom 1980) may, in part at least, represent 
such a m e c h a n i s m . Unless the s u r g e r y a lso 
destroyed the afferent cell bodies (in which case the 
central terminals of the afferent fibres would have 
degenerated), the prolonged injury discharge might 
continue to activate the second-order neurons. If 
the central terminals did degenerate , the injury 
discharge initially set up might have activated a 
p a t t e r n g e n e r a t i n g m e c h a n i s m t h a t w o u l d 
subsequently continue to operate in the absence of 
peripheral input. Fur thermore , any denervat ion 
supersens i t iv i ty would have e x a c e r b a t e d the 
problem. 
It is interesting to note that Ochoa and Torebjork 
(1980) have recently found that spontaneous APs 
are also generated in sensory nerves of normal 
awake subjects experiencing post-ischaemic para-
esthesiae. The ischaemia in their study was caused 
by application of a blood pressure cuff, which was 
inflated to 220 m m Hg and maintained for between 
10 and 30 minutes. Generat ion of such spontaneous 
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impulses may well expla in the paraesthesiae 
experienced by pat ients as a result of nerve 
compression. 
The final factor that will be considered in relation 
to the possible failure of dorsal rhizotomy concerns 
the route of afferent input to the spinal cord. 
Whilst most afferent fibres enter the spinal cord via 
the dorsal roots , Coggeshali et al (1975) have 
shown tha t h u m a n ventral roots contain up to 30 
per cent of unmyel inated axons , with a significant 
percentage of such fibres being found in all ventral 
roo ts . T h e observat ion that s t imulat ion of ventral 
root fibres in man can produce sensations including 
pain ( F r y k h o l m et al 1953) raises the question that 
these unmyel inated ventral root fibres may be 
afferent. It has now been confirmed in both the cat 
and the h u m a n that a large propor t ion of these 
fibres are first-order afferents and that the majority 
r e spond to noxious s t imulat ion (Clifton et al 
1976, Hosobuchi 1980). These ventral root C fibres 
have their cell bodies in the dorsal root ganglion, 
and recently have been shown to terminate in the 
same par t of the dorsal horn as the pr imary "pain1 
afferents entering via the dorsal roots (that is, 
superficial ly, in the marginal layer and the 
subs tant ia geiatinosa (Light and Metz 1978). 
Obvious ly this finding of ventral root afferents is 
con t ra ry to the Bell-Magendie Law concerning the 
compos i t ion of spinal nerve roots , and may well 
help to explain why any surgical intervention 
involving the dorsal root but not destroying the 
dor sa l roo t gangl ion might be followed by a 
return of pain. 
Central pain pathways 
It has long been accepted that the major ascending 
pa thway for noxious (and thermal) information 
from the spinal cord in humans is the lateral 
sp inotha lamic tract (LSTT) . However, there are 
also several other routes for ascending nociceptive 
in format ion . In this section a brief summary of the 
central pain pathways will be given. 
Lateral spinothalamic tract 
In addi t ion to noxious and thermal information, 
the L S T T also carries information abou t other 
sensory modalit ies including tactile and sexual 
s e n s a t i o n s a n d poss ib ly a l so p r o p r i o c e p t i v e 
informat ion (Noordenbos and Wall 1976). Willis 
(1979) demons t ra ted two types of LSTT cells on 
the basis of their responses to graded mechanical 
s t imula t ion—one type was nociceptive specific, 
whereas the second type responded to non-noxious 
as well as to noxious stimuli. Both types responded 
equally well to noxious thermal st imulation. 
The L S T T is considered to be a contralateral 
pa thway with the fibres decussating in the ventral 
white commissure (see Figure 2). In some cases, 
however, this decussat ion apparent ly fails to occur 
(French and Peyton 1948, Voris 1957, Noordenbos 
and Wall I976„Kenshaloand Willis I978)andeven 
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Figure 2: Summary of the major features of the lateral 
spinothalamic tract projections to the primary 
somatosensory cortex 
Arm Leg 
Second-order 
fibre 
DRG: Dorsal root ganglion 
LSTT: Lateral spinothalamic tract 
SSI: Primary somatosensory cortex 
VPL. Ventroposterolateral nucleus of thalamus. 
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in normal individuals the LSTT almost certainly 
has some ipsilateral fibres. Having crossed, the 
fibres ascend in the anterolateral quadrant of the 
spinal cord in a somatotopically organized 
fashion—fibres from distal segments are displaced 
laterally and progressively more dorsally as 
additional fibres are added from more rostral 
segments. 
The cells of origin of the LSTT, which are found in 
laminae I, IV and V of the dorsal horn of grey 
matter of the spinal cord, project to the ventro-
posterolateral (VPL) nucleus of the thalamus. The 
VPL nucleus is often described as the specific 
somatosensory thalamic relay station, as it is from 
here that noxious information then projects to 
primary somatosensory cortex (SSI) located on 
the post-central gyrus of the parietal lobe. SSI is 
concerned with the discriminative aspects of 
somatic sensations, that is, with the ability to 
localize the site of stimulation, to identify the type 
of sensation (sensory modality), to discriminate 
between different intensities of stimulation, and to 
identify the temporal characteristics of the stimulus 
Just as the LSTT is somatotopically organized, so 
also are the VPL nucleus and SSL The somatotopic 
organization of SSI is such that lower parts of the 
body project medially and higher parts pro­
gressively more laterally. This cortical repre­
sentation is contralateral to the origin of the 
sensory input, and differs in size according to the 
density of sensory mnervation of each area. Thus, 
distal body segments have a much larger proportion­
ate cortical representation than do more proximal 
areas, and likewise the face (and in particular the 
lips) has an extensive area of SSI devoted to it 
The trigeminal pathway for the projection of 
nociceptive input from the face and much of the 
head follows the same basic pattern as the LSTT. 
However, the first-order afferents, having entered 
the CNS at the level of the pons, descend ipsilaterally 
before terminating in the spinal nucleus of the 
trigeminal nerve. These terminations are between 
the levels of medulla and cervical segment three. 
The second-order fibres then decussate, ascending 
to the VPL slightly medially and ventrally to the 
LSTT fibres. From the VPL the input projects to 
lateral SSI. 
Some LSTT fibres terminate more medially in the 
thalamus. The cells of origin of these fibres are in 
laminae I and V of dorsal horn, as well as in 
intermediate and ventral grey matter of the spinal 
cord (Willis, 1979). According to Boivie (1979) 
there are also other thalamic sites where LSTT 
fibres terminate. The projection neurons originating 
medially in the thalamus terminate in secondary 
somatosensory cortex (SSII), which appears to 
play some role in nociception. 
SSI and SSII are not essential for the perception 
(conscious awareness) of impending tissue 
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damage—rather they appear to regulate subcortical 
centres. Thus cortical lesions affecting these areas 
do not lead to contralateral pain loss, and may 
often be associated with spontaneous, very 
unpleasant dysesthesiae contralaterally. 
Other pathways originating from LSTT 
In addition to the LSTT projections described 
above, there are also alternative spinothalamic 
pathways by which noxious information may 
reach the somatosensory cortex (see Kerr 1979). 
Whereas the LSTT is somatotopically organized, 
these alternative routes, which diverge from the 
spinothalamic system, lack such an arrangement 
and hence are not involved in the discriminative 
aspects of pain. 
The medullary reticular formation (MRF) receives 
a bilateral projection and in turn probably projects 
to more medial thalamus as well as to cortex 
(Bowsher 1976, MenStrey etal 1980) As the MRF 
contains many functional groups of neurons 
associated with autonomic function, this reticular 
projection may well be involved in the autonomic 
responses that accompany pain perception. 
At the level ol the midbrain there is further 
divergence of fibres from the spinothalamic tract, 
with one relay via the periaqueductal grey (P AG— 
an area of grey matter surrounding the cerebral 
aqueduct of the midbrain) and an alternate relay 
via the nucleus cuneiformis (Liebeskind and Mayer 
1971, Menetrey et al 1980). From these two 
midbrain areas there are rostral projections to 
medial thalamic areas and thence to SSII, as well 
as to the hypothalamus. The hypothalamus is part 
of the limbic system and thus has connections with 
many other forebram structures. These routes are 
associated with the aversive motivational and 
affective aspects of pain, while the limbic system 
also plays an important role in mediating autonomic 
responses. Furthermore, the PAG has been 
implicated in a feedback pathway involved in 
suppression of noxious information at spinal 
levels—this aspect of PAG involvement will be 
considered in more detail in a later paper (Watson 
1981 b). 
Ascending noxious information also mediates 
changes in the level of consciousness or awareness. 
This involves excitation of the ascending reticular 
activating system (ARAS). The ARAS consists of 
parts of the brainstem reticular formation (RF), 
the non-specific thalamic nuclei and the diffuse 
projections from these thalamic nuclei to the entire 
cerebral cortex. Increased input to the RF leads to 
increased levels of activity in the ARAS and hence 
to increased excitability of the whole of the cerebral 
cortex. As a result of these changes the level of 
arousal is increased. A decreased level of activity in 
the ARAS leads to drowsiness and sleep; this is due 
to inhibitory influences from two sleep centres (one 
in the medulla, the other in the pons), which 
oppose the brainstem RF. Influx of excitatory 
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sensory (or motor) information over-rides the 
inhibitory influences from these sleep centres and, 
as a result, the level of consciousness is increased. 
Ventral spinothalamic tract (VSTT) 
In 1975, Kerr re-examined the question of whether 
or not a separate VSTT exists in primates, and 
established that such a pathway is present (Kerr 
1975 b). However, as there are only minimal 
differences in the terminal patterns of the VSTT 
and LSTT, there does not appear to be any reason 
to distinguish between them (Boivie 1979). At this 
stage it has not been established from which parts 
of the body information in the VSTT arises, nor 
what sensory modalities it mediates. 
Neurosurgical intervention and central pain 
pathways 
In view of the widespread divergence of nociceptive 
information, particularly above the level of the 
pons, it is not surprising that discrete thaiamic 
lesions have proved rather unsuccessful in the relief 
of chronic intractable pain However, it may 
appear somewhat more surprising that anterolateral 
cordotomy has likewise met with only limited 
success The explanation probably lies in the fact 
that there are, in addition to the previously 
considered spinothalamic systems, other ascending 
systems signalling nociception, as identified below 
(for further details see Kerr 1975 a and 1979, 
Dennis and Melzack 1977): 
• post-synaptic fibres of the dorsal columns; 
the cell bodies of these second-order neurons 
are located in laminae IV-VI of dorsal horn; 
they project via rostral parts of the dorsal 
column nuclei (located in the medulla), to 
various midbrain regions, to somatosensory 
thaiamic areas, to the thaiamic extension of 
the midbrain reticular formation and to 
the cortex; 
® the spinocervical tract, originating mainly 
from cells in laminae IV and V; it ascends in 
the dorsolateral fumculus of the spinal cord, 
relays in the lateral cervical nucleus (located 
in spinal segments Cl and C2), and then 
projects to the VPL nucleus and other 
thaiamic structures; 
® the propriospinal system, lying alongside the 
lateral aspect of the grey matter of the spinal 
cord; it appears to relay second-order 
nociceptive information to nearby and more 
distant segments via short ascending and 
descending axonal projections; 
® Lissauer's tract: this has first- and second-
order fibres in the vicinity of the dorsal root 
entry zone; these ascend and descend in a 
similar manner to the propriospinal fibres; 
♦ the dorsal intracornual tract, a dense system 
of longitudinally oriented myelinated axons 
in the centre of the dorsal horn; it consists of 
ascending and descending axon collaterals 
from first-order afferents as well as from 
interneurons; the distance travelled by these 
fibres is not known. 
While it is not known to what extent, if at all, these 
additional 'pain'-signalling systems contribute to 
normal pain sensations in humans, it is likely that 
they provide alternative routes along which 
information can be channelled when the preferred 
pathway (the LSTT) is surgically destroyed. Of 
significance in such proposed re-routing of noxious 
information is the fact that these pathways project 
ipsilaterally with respect to their area of afferent 
input, at least initially. Furthermore, due to the 
amount of divergence (spreading out) of the 
nociceptive information it is perhaps not surprising 
that the pain that may return following ante­
rolateral cordotomy may be rather widespread in 
its apparent origin. 
Denervation supersensitivity might also be expected 
to contribute to the return of pain sensations 
following anterolateral cordotomy or thala-
motomy. In the former procedure, the spread of 
receptor sites would presumably occur at all relay 
stations that had been deafferented (that is, RF, 
PAG, nucleus cuneiformis, VPL, medial thalamus 
and other thaiamic areas) As a result, all aspects of 
the pain experience would be enhanced. Following 
thalamotomy, the spread of receptor sites would be 
expected in appropriate cortical areas. However, 
as there are also interconnections between the 
different thaiamic areas, and projections from the 
thalamus to lower CNS sites, these areas would 
also be affected. 
Conclusions 
In recent years there has been considerable 
clarification of the afferent pain pathways. The 
first-order pain afferents terminate in the two most 
superficial layers of dorsal horn of the spinal cord 
or in the corresponding parts of the spinal nucleus 
of the trigeminal nerve. Many of these first-order 
afferents appear to utilize the chemical transmitter 
substance P. While most spinal nerve afferents 
enter the CNS via the dorsal root, it is now clear 
that there is also noxious input via the ventral root. 
The major ascending pathway for noxious infor­
mation is the lateral spinothalamic tract, but other 
pathways also convey nociceptive information to 
different parts of the CNS. Some of these pathways 
provide the neuroanatomical basis for the 
behavioural and emotional reactions and the 
changes in levels of consciousness that result from 
a noxious stimulus. 
Although it is not clear precisely what is responsible 
for the apparently limited success of some 
neurosurgical procedures aimed at controlling 
pain, it would appear that the explanation may at 
least partly lie in the numerous pathways along 
which nociceptive information may be routed. 
Thus, for example, in the case of dorsal rhizotomy, 
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the ventral root afferents may not have been 
destroyed. However, other factors may also 
contribute to the observed reappearance of pain 
after rhizotomy, including denervation super-
sensitivity, the generation of injury discharge and 
the divergence of the peripheral pain fibres. In the 
case of central neurosurgical intervention, the 
divergent ascending pain pathways, some of which 
pass ipsilaterally, as well as the phenomenon of 
denervation supersensitivity, probably play an 
important part. 
There remain, however, many unanswered 
questions. For example, are the alternate pathways 
always involved in normal pain sensations, or, if 
not, at what point does their information become 
significant? Are there ways in which the process of 
denervation supersensitivity and the development 
of spontaneous injury discharge could be reduced 
or abolished? Hopefully, answers to these and 
other questions will be found in the near future. 
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